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INTRODUCTION 


Nitrocellulose  has  been  studied  extensively  with  regard  to  its 
synthesis,  thermal  and  explosive  properties,  degree  of  polymeriza¬ 
tion  and  other  similar  aspects.  However,  the  literature  contains 
relatively  little  mention  of  studies  on  the  synthesis  and  the  charac¬ 
teristics  of  compounds  that  are  obtained  by  chemical  modification  of 
nitrocellulose. 

Isocyanates  react  readily  with  hydroxy  compounds  to  form  stable 
carbamate.  The  synthesis  of  cellulose  nitrate  carbamates  appeared 
promising.  This  type  of  study  seemed  to  be  particularly  attractive 
when  approached  by  using  the  synthesis  of  cellulose  nitrate  carba¬ 
mates  by  the  reaction  of  nitrocellulose  with  isocyanates  and  the 
nitration  of  cellulose  carbamate  intermediates.  The  fact  that  the 
study  was  related  to  crosslinking  of  propellants  was  also  significant. 

A  literature  search  disclosed  that  a  U.S.  patent  (Ref  1)  issued 
in  1954  mentioned  the  reaction  of  nitrocellulose  with  isocyanates, 
however  it  contained  no  information  as  to  the  synthesis  and  properties 
of  the  proposed  compound. 

In  1970,  Freidgein  et  al  (Ref  2),  suggested  using  nitrocellulose 
modified  by  urethane  polymers  as  leather  substitutes.  The  literature 
search  did  not  otherwise  show  any  systematic  investigation  in  this 
area  of  chemistry. 

At  the  onset  of  the  study  of  the  reaction  of  nitrocellulose  with 
isocyanates,  the  objective  was  to  prove  the  feasibility  of  this  re¬ 
action.  Military  grade  nitrocellulose  and  phenyl  isocyanate  were 
selected  for  their  high  reactivity  and  availability.  The  reaction 
was  studied  in  suitable  solvents  which  dissolved  or  gelled  the  re¬ 
action  mixture.  iTie  products  structure  and  substitution  were  deter¬ 
mined  on  the  basis  of  infrared  absorption  spectra,  nitrate  and  total 
nitrogen  analysis.  Depending  on  the  reaction  conditions,  the  pro¬ 
ducts  had  varied  degrees  of  substitution  of  the  nitrate  and  phenyl 
carbamate  groups.  At  elevated  terperatures  and  over  a  prolonged 
period  of  time,  it  was  observed  that  the  trimer  of  phenyl  isocyanate 
(triphenyl  isocyanurate)  was  formed.  The  trimer  was  isolated  and 
identified  on  the  basis  of  the  elemental  analysis  and  its  melting 
point  of  285°C.  Triphenyl  isocyanurate  was  effectively  separated  from 
the  reaction  product  by  a  mixture  of  tetrahydrofuran  and  cyclohexane. 
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RESULTS  AND  DISCUSSION 


Cellulose  nitrate  phenyl  carbamate  was  synthesized  by  the  reac¬ 
tion  of  nitrocellulose,  12.63%  nitrogen  DS  2.44,  with  phenyl  isocya¬ 
nate  in  a  small  amount  of  tetrahydrofuran  at  69“C,  the  boiling  point 
of  the  reaction  mixture.  For  the  0.01  mole  of  nitrocellulose,  20  ml 
of  tetrahydrofuran  were  used.  The  quantity  of  tetrahydrofuran  was 
determined  experimentally  in  order  to  use  just  enough  of  the  solvent 
to  gel  the  nitrocellulose.  After  heating  to  69“C  the  reaction  mix¬ 
ture  became  homogeneous  and  was  agitated  with  a  magnetic  bar. 

Purification  of  the  reaction  product  was  accomplished  by  diluting 
the  reaction  mixture  in  tetrahydrofuran  with  the  addition  of  acetone. 
The  resulting  solution  was  poured  into  cyclohexane.  Then  the  product, 
separated  as  a  firm  gel,  was  dissolved  in  acetone  and  the  resulting 
solution  poured  slowly  with  stirring  into  a  large  volume  of  water  to 
bring  about  a  fibrous  material.  Finally,  the  product  was  treated  in 
a  Waring  Blender  isolated  and  dried  under  environmental  conditions 
and  then  under  reduced  pressure  at  55 °C.  The  structures  of  the  prod¬ 
ucts  were  determined  on  the  basis  of  nitrate  nitrogen  and  total 
nitrogen  analyses.  Infrared  absorption  spectra  were  used  to  verify 
the  proposed  structures. 

The  reaction  of  nitrocellulose  with  phenyl  isocyanate  may  be 
illustrated  as  follows: 

(OH)  /  3  U  )) 

Cell:^  >  C.HcNCO  - ^  Cell -  (ONO-)^ 

\(0N02)x  2  X 

(OCNHCeHsjy 

0 


Validation  of  Experimental  Results  (Table  9) 

During  the  process  of  the  interaction  of  nitrocellulose  with 
phenyl  isocyanate,  partial  denitration  occurred.  The  possibility  of 
the  interdependence  of  these  two  mechanisms,  the  formation  of  the  car¬ 
bamate  on  one  hand  and  loss  of  the  nitrate  groups  by  nitrocellulose 
on  the  other,  was  considered.  It  was  obvious  that  this  was  not  just 
a  replacement  reaction  of  the  nitrate  by  the  carbamate  groups,  be¬ 
cause  the  original  DS  of  2.44  could  have  been  increased  to  DS  2.71, 
the  total  substitution  in  the  product.  A  high  degree  of  validity  and 
reproducibility  of  the  analytical  results  excluded  the  possibility 
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that  unreliable  data  had  accounted  for  the  total  DS  of  the  product 
being  0.27  higher  than  the  DS  of  the  nitrocellulose. 

In  order  to  validate  the  experimental  findings,  it  was  neces¬ 
sary  to  evaluate  the  effect  of  the  heating  of  nitrocellulose  in  te- 
trahydrofuran  without  phenyl  isocyanate  and  isolating  and  purifying 
of  the  product. 

When  this  was  accomplished,  the  nitrate  and  total  nitrogen  anal¬ 
ysis  showed  that  the  original  nitrocellulose  DS  2.44,  after  heating 
in  tetrahydrofuran  for  48  hours  at  contained  2.38  nitrate 

groups  per  anhydroglucose. 

Reaction  Time  as  ’  Variable  in  Reaction  Study 

A  series  of  reactions  of  military  grade  nitrocellulose  with 
phenyl  isocyanate  was  conducted  in  which  the  reaction  time  allowed 
was  the  only  variable.  A  longer  interaction  of  the  reagents  at  69°C 
was  associated  with  an  increasingly  greater  degree  of  phenyl  car¬ 
bamate  substitution  and  a  higher  degree  of  denitration.  Table  1 
presents  these  results. 

Utilizing  the  data  of  Table  1,  Figure  1  was  constructed  to 
illustrate  the  relationship  of  the  degree  of  substitution  of  phenyl 
carbamate  to  the  reaction  time.  As  the  curve  shows,  at  the  beginning 
of  the  reaction,  there  was  a  rapid  increase  in  the  phenyl  carbamate 
substitution.  Then,  after  several  hours,  the  reaction  leveled  off. 

In  fact,  within  the  first  three  hours  of  the  reaction  the  increase 
in  the  total  degree  of  substitution  was  practically  as  large  as  that 
during  the  following  117  hours.  After  120  hours  reaction  time,  the 
produf't,  cellulose  nitrate  phenyl  carbamate,  contained  2.05  nitrate 
and  0.63  phenyl  carbamate  groups,  total  DS  2.68  (compared  to  2.44, 
the  degree  of  substitution  of  nitrocellulose  the  starting  material). 

The  reaction  was  conducted  in  a  homogeneous  medium  with  a  large 
excess  of  phenyl  isocyanate.  In  spite  of  this,  complete  substitu¬ 
tion  of  the  nitrocellulose,  DS  3,  was  not  reached.  It  is  hoped  that 
this  occurrence  would  be  clarified  in  a  further  study  of  the  reaction. 

Nitrocellulose,  13.88%N  (DS  2.90)  Starting  Material 

Ihe  reaction  of  nitrocellulose,  DS  2.44,  with  phenyl  isocyanate, 
conducted  under  a  variety  of  conditions,  produced  cellulose  nitrate 
phenyl  carbamate  containing  a  maximal  total  DS  of  2.71  by  the  nitrate 
and  the  carbamate  groups.  In  view  of  this  finding,  it  was  plausible 
to  hypothesize  that  the  steric  factor  was  responsible  for  the  incom¬ 
plete  substitution  of  the  products.  To  clarify  this  possibility. 
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an  attempt  was  made  to  react  a  highly  substituted  nitrocellulose,  DS 
2.90,  with  phenyl  isocyanate  under  previously  investigated  reaction 
conditions . 

As  Table  2  shows,  after  five  hours  of  interaction,  the  nitrogen 
analysis  of  the  product  showed  a  negligible  carbamate  substitution. 

In  this  case  a  possibility  existed  that  since  the  DS  2.90  nitrocellu¬ 
lose  happened  to  have  a  relatively  high  degree  of  polymerization,  a 
lower  concentration  of  the  polymer  in  solution  might  enhance  the  re¬ 
action.  Therefore,  in  the  next  experiment,  the  quantity  of  the 
solvent  was  increased  to  give  a  solution  of  0.005  mole  of  nitrocellu¬ 
lose  in  40  ml  of  tetrahydrofuran.  This  time,  after  five  hours  reac¬ 
tion  of  69 “C,  the  product  was  found  to  contain  2.79  nitrate  and  0.05 
phenyl  carbamate  groups  per  anhydroglucose. 

Owing  to  a  higher  dilution  of  nitrocellulose,  the  reaction  did 
occur  and  the  product  had  a  total  substitution  of  2.82  as  compared 
to  the  previously  obtained  highest  total  DS  of  2.71.  However,  when 
comparing  these  two  reactions,  it  is  necessary  to  take  under  con¬ 
sideration  the  relative  degrees  of  the  nitrate  and  the  carbamate 
substitution  in  each  product,  as  this  may  be  a  contributing  factor 
affecting  the  total  substitution. 

In  the  reaction,  in  which  the  product  had  the  total  DS  of  2,82, 
the  DS  of  the  starting  material  was  2.90,  0.08  higher  than  the  DS  of 
the  product.  Highly  substituted  nitrocellulose  loses  nitrate  groups 
fairly  easily.  In  the  reaction  under  discussion,  the  occurred  loss 
was  not  compensated  by  the  urethane  substitution. 

Reaction  of  Nitrocellulose  With  Tolyl  Isocyanate  Isomers 

The  effect  of  the  methyl  substituent  upon  the  reaction  of  phenyl 
isocyanate  with  nitrocellulose  was  investigated.  This  study  is  re¬ 
lated  to  the  reaction  of  nitrocellulose  with  tolylene-2, 4-diisocyanate 
a  crosslinking  agent  used  in  propellant  formulations.  In  a  series 
of  experiments,  nitrocellulose,  DS  2.44,  was  reacted  with  ortho,  meta 
and  para  tolyl  isocyanate  at  110“C,  in  cyclohexanone.  ITie  reaction 
times  were:  one,  three,  five  and  seven  hours.  The  experimentally 
obtained  results  are  shown  in  Tables  3,  4,  5,  and  6. 

It  was  found  that  p- tolyl  isocyanate  was  the  most  reactive  and 
o- tolyl  isocyanate  the  least  reactive  towards  the  unsubstituted 
hydroxyl  groups  of  nitrocellulose.  For  example,  after  seven  hours 
of  reaction  time,  cellulose  nitrate  p-tolyl  carbamate  contained  1.71 
nitrate  and  0.77  carbamate  groups  per  anhydroglucose.  The  DS  of 
cellulose  nitrate  o- tolyl  carbamate  was  1.80  nitrate  and  0.48  car¬ 
bamate  groups. 
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In  an  attempt  to  obtain  a  product  with  a  high  degree  of  total 
substitution,  the  synthesized  cellulose  nitrate  p-tolyl  carbamate, 

DS  1.77  -ONO2  and  0.77  carbamate  groups,  was  reacted  with  p-tolyl 
isocyanate.  The  reaction  was  conducted  in  tetrahydrofuran  at  69°C. 

A  relatively  low  reaction  temperature  was  selected  to  minimize  the 
denitration  of  the  polymer.  After  five  hours  of  reaction  the  sub¬ 
stitution  of  p-tolyl  carbamate  in  the  cellulose  nit; ate  p-tolyl  car¬ 
bamate  increased  slightly  from  0.77  to  0.85  per  anhydroglucose.  The 
total  substitution  of  the  product  was  2.72,  leaving  0.28  unsubstituted 
hydroxyl  groups  of  the  compound. 

A  series  of  reactions  of  nitrocellulose  with  p-tolyl  isocyanate 
at  69°C  and  110°C,  with  the  reaction  time  varied  from  one  to  seven 
hours,  showed  that  the  differences  in  the  total  substitution  of  the 
products  were  slight.  However,  as  Table  7  illustrates,  the  substi¬ 
tution  of  the  products  by  the  carbamate  was  associated  with  a  con¬ 
siderably  higher  degree  of  denitration  at  the  higher  temperature. 

Since  denitration  of  nitrocellulose  produces  NO-)  gas,  porosity  of 
the  body  of  the  propellant  containing  tolylene- 2, 4-di isocyanate 
crosslinking  agent  would  be  expected  to  increase  with  a  higher  cur¬ 
ing  temperature. 

Effect  of  Concentration  of  Phenyl  Isocyanate  Upon  the  Urethane 
Substi tution 


To  find  out  the  effect  of  a  concentration  of  phenyl  carbamate 
upon  the  total  degree  of  substitution  in  the  product,  the  following 
experiment  was  carried  out.  Cellulose  nitrate  phenyl  carbamate  was 
obtained  after  42  hours  of  reaction  of  nitrocellulose  with  phenyl 
isocyanate.  It  was  purified,  and  then  reacted  with  phenyl  isocyanate. 
Both  reactions  were  conducted  under  the  same  conditions.  The  inter¬ 
action  of  cellulose  nitrate  phenyl  carbamate  with  phenyl  isocyanate 
brought  about  a  negligible  increase  of  the  phenyl  carbamate  groups, 
from  0.54  to  0.58,  and  a  loss  of  the  nitrate  groups  (-0N0-,  substitu¬ 
tion)  from  2.10  to  1.93. 

On  the  basis  of  these  results,  it  may  be  concluded  that  under  the 
reaction  conditions,  the  concentration  of  the  reagents  in  the  first 
reaction  was  not  responsible  for  incomplete  substitution. 

The  formation  of  the  phenyl  carbamate  substituent  is  not  direct¬ 
ly  related  to  the  loss  of  the  nitrate  groups.  Since  the  original 
total  DS  of  2.44  in  nitrocellulose  was  increased  in  some  products  to 
DS  2.70,  some  of  the  free  hydroxy  groups  in  the  starting  material 
must  have  reacted  with  the  phenyl  isocyanate. 
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The  effect  of  the  presence  of  phenyl  isocyanate  upo.  cellulose 
nitrate  phenyl  isocyanate  was  further  investigated.  flie  experimental 
results  of  this  investigation  are  shown  in  Table  8.  They  were  obtained 
by  reacting  nitrocellulose  at  69°C  for  five  hours  in  tetrahydrofuran 
with  phenyl  isocyanate.  The  product  of  this  reaction  was  isolated 
and  purified  and  reacted  again  with  phenyl  isocyanate  at  69°C  for  five 
hours  in  tetrahydrofuran.  This  operation  was  repeated  three  times  and 
resulted  in  obtaining  four  s;unples  of  the  products  that  differed  from 
each  other  in  regard  to  the  number  of  times  they  had  been  reacted 
■vith  phenyl  isocyanate. 

iable  8  shows  remarkably  similar  structures  of  the  pviducts  hav¬ 
ing  substitution  by  the  titrate  from  2.05  to  2.20  and  the  carbamate 
from  0.4l  to  0.54.  The  yield  of  the  first  reaction  was  88.4"i.  llie 
three  successive  reactions  gave  respectively  r~.4,  75.4  and  58.5  per 
cent  yield.  The  success  vely  decreasing  yield  may  be  associated  with 
the  increasing  depolymerizai ion  of  the  cellulosic  chains,  followed  by 
the  loss  of  the  low  degree  of  polymerization  fraction  during  isolation 
and  purification  of  the  products.  Furthermore,  the  increasing  loss  of 
each  successive  yield  may  indicate  that  the  products  of  the  lower 
degree  of  polymerization  tended  to  increase  tlie  rate  of  further  de- 
polymeri zation. 

The  product  of  the  fourth  reactiot.  represented  quantitati/ciy 
37.6-I)  of  the  product  obtained  from  the  first  reaction.  Since  tnesc 
two  materials  were  characterized  by  almoit  the  same  degrees  of  sub¬ 
stitution  by  the  nitrate  and  the  carbamite  groups,  it  was  concluded 
that  the  first  product  was  of  high  purity  and  it  was  uniformly  sub¬ 
stituted.  Therefore  high  purity  cellulose  nitrate  phenyl  carbamate 
can  be  synthesized  in  a  relatively  high  (88.4a)  yield. 

Effect  of  Total  DS  Upon  Fur'Jier  Substitution 

The  higher  the  total  substitution  in  cellulose  nitrate  phenyl 
carbamate,  the  more  difficult  it  was  to  introduce  additional  phenyl 
isocyanate  into  the  ‘•.tru<'ture  of  the  compound,  lliis  aspect  is 
illustrated  by  two  reactions  conducted  under  the  same  conditions, 
except  that  nitrocellulose  in  t no  case  had  PS  2.44  and  in  another, 

DS  2.90.  In  the  case  of  the  lower  substituted  nitrocellulose,  the 
product  of  the  reaction  was  found  to  contain  0.29  phenyl  carbamate 
groups  when  the  higher  sugstituted  cellulose  nitrate  product  contained 
only  0.03  of  the  corresponding  carbamate  substituents.  ITie  respec¬ 
tive  total  degrees  of  substitution  wore  2.58  and  2.82  for  each 
anhydi'oglucose. 


Effect  of  Water  Upon  the  Reaction 


As  isocyanates  react  quite  readily  with  water,  anhydrous  condi¬ 
tions  are  usually  recommended  for  the  isocyanate-alcohol  reactions. 
However,  it  is  not  '.Ji reasonable  to  expect  that  a  small  amount  of 
water  may  have  a  catalytic  effect  upon  the  reaction.  .1.  H.  Saunders 
and  K.  C.  Frisch  (Ret  3)  repotted  that  the  rate  of  uncataly.  ed  re¬ 
action  of  phenyl  isocyanate  with  alcohol  increased  with  an  increase 
in  the  concentration  of  the  alcohol. 

To  clarify  this  aspect,  reactions  of  nitrocellulose  with  pheii\  1 
isocyanate  were  conducted  in  the  presence  of  0.01  ml,  0.02  ml,  o.  ' 
ml  and  0.10  ml  ot  water  which  was  introduced  into  a  solution  ot 
0.01  mole  of  nitrocellulose  in  20  ml  of  tetrahydrofuran.  Tabk 
illustrates  these  experiments.  The  reaction  was  carried  out  at  nOT.’ 
and  there  was  a  large  excess  of  phenyl  isocyanate.  The  reagents 
were  allowed  to  react  for  one  hour  and  then  the  products  were  iso¬ 
lated  and  purified.  They  were  found  to  contain  the  carbamate  sub¬ 
stitutions  of  0.08,  0.12,  0.10,  and  0.13.  ITien  a  reaction  was  con¬ 
ducted  under  tne  same  conditions  but  without  water.  Tliis  time  the 
product  containtd  O.OS  phenyl  carbamate  groups  per  anhydroglucose. 
These  experimental  results  seemed  to  indicate  that  the  presence  of 
small  quantities  of  water  had  a  negligible  effect  upon  the  reaction 
of  nitrocellulose  with  phenyl  isocyanate. 

The  reaction  of  nitrocellulose  with  phenyl  isocyanate  at  60®C, 
under  anhydrous  conditions  over  a  period  of  five  hours  produced  a 
compound  which  contained  0.33  phenyl  carbamate  and  2.21  nitrate 
groups.  A  repeated  reaction  under  the  same  conditions  but  with 
0.10  ml  of  water  introduced  into  a  20  ml  tetrahydrofuran  solution  of 
0.01  mole  of  nitrocellulose  resulted  ’n  formation  of  a  product  which 
contained  0.4.S  carbamate  and  2.23  nitrate  groups.  Iliesc  results  in¬ 
dicate  that  with  a  large  excess  of  isocyanate,  a  small  quantity  of 
water  may  tend  to  catalyze  the  reaction  of  nitrocellulose  with  phenyl 
i socyanate. 

Effect  of  Dilution  Upon  the  Reaction 

Wlien  analyzing  the  nitrocellulose  phenyl  isocyanate  reaction, 
it  may  be  considered  that  an  increased  amount  of  solvent  may  render 
the  polymeric  chains  of  nitrocellulose  more  accessible  to  interac¬ 
tion  with  the  molecules  of  phenyl  isocyanate.  To  clarify  this  hypo¬ 
thesis,  four  reactions  were  conducted  in  which  for  0.01  mole  of 
nitrocellulose,  20  ml,  40  ml,  80  ml,  and  160  ml  of  tetrahydrafuran 
were  used.  The  products  of  these  reactions  were  isolated  and  puri¬ 
fied  in  the  previously  described  raann.-r.  As  Table  11  shows,  the 


highest  dilution  (160  ml)  of  the  solvent  per  0.01  mole  of  nitrocel¬ 
lulose,  produced  only  0.04  carbaiiiate  substitution.  Tlie  highest  car¬ 
bamate  substitution  of  0.33  was  ^ound  in  the  product  of  the  reaction 
in  which  0.01  mole  of  nitrocellulose  was  dissolved  in  40  ml  of  the 
solvent. 

A  very  high  dilution  possibly  favored  accessibility  of  nitro¬ 
cellulose  molecules  to  those  of  phenyl  isocyanate.  At  the  same  time, 
the  high  dilution  was  decreasing  the  chance  of  effective  collision  of 
the  molecules  of  the  reagents,  the  result  of  whicii  was  a  relatively 
lower  rate  of  formation  of  the  carbamate  bond. 

Effect  of  Excess  Isocyanate 

Often,  in  order  to  increase  the  degree  of  substitution  in  cel¬ 
lulose  derivatives,  a  large  excess  of  the  subs':ituting  reagent  is 
recommended.  This  aspect  was  investigated  in  regard  to  the  reaction 
of  nitrocellulose  with  phenyl  isocyanate.  The  reaction  was  conducted 
under  the  previously  described  conditions  for  period  of  five  hours  and 
is  presented  in  Table  12. 

At  the  molar  ratio  of  nitrocellulose  to  phenyl  isocyanate,  (one 
to  two  respectively)  the  product  contained  0.11  carbamate  groups  per 
anhydroglucose .  Further  increase  of  the  relative  ratio  of  phenyl 
isocyanate  to  nitrocellulose  resulted  in  an  increase  of  the  carbamate 
substitution,  giving  the  ratio  of  3.8  to  1  for  a  product  which  con¬ 
tained  0.24  carbamate  groups  per  anhydroglucose.  Further  increase  in 
the  relative  ratio  of  phenyl  isocyanate  to  nitrocellulose,  from  3.8 
to  7.4  moles,  increased  the  DS  of  the  carbamate  groups  from  0.24  to 
0.29. 


These  observations  indicate  that,  under  the  experimental  condi¬ 
tions  little  advantage  was  achieved  when  the  respective  molar  ratio 
of  phenyl  isocyanate  to  nitrocellulose  was  higher  than  four  to  one. 

Effect  of  Catalysts  Upon  Reaction 

The  reaction  of  isocyanates  with  hydroxy  compounds  may  be  cata¬ 
lyzed  by  bases,  the  catalytic  effect  of  which  is  expected  to  increase 
with  the  higher  base  strength.  However,  since  nitrocellulose  tends 
to  decompose  in  the  presence  of  bases,  the  use  of  these  compounds  in 
the  nitrocellulose  phenyl  isocyanate  reactions  is  limited.  Since 
stannous  octoate  is  known  to  be  an  effective  catalyst  for  reactions 
of  phenyl  isocyanate  with  alcohols  and  is  characterized  by  its  low 
basic  strength,  this  compound  was  selected  for  catalysis  of  the  re¬ 
action  under  study. 
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Table  13  presi-nts  a  series  of  nitrocellulose  phenyl  isocyanate 
reactions  catalyzed  by  stannous  octoate  with  the  time  factor  as  the 
only  variable.  It  was  found  that  in  this  reaction  stannous  octoate 
catalyzed  the  formation  of  phenyl  carbamate  but  simultaneously  it 
also  tended  to  increase  denitration.  When  no  catalyst  was  used,  loss 
of  the  -O.NOt  groups  in  the  starting  material  also  occurred  but  to  a 
lesser  degree.  The  effect  of  the  stannous  octoate  catalyst  upon  the 
reaction  of  nitrocellulose  with  phenyl  isocyanate  is  illustrated  in 
Figure  2. 

As  Figure  2  shows,  the  initial  catalytic  effect  of  stannous 
octoate  upon  the  degree  of  substitution  of  phenyl  carbamate  in  the 
product  gradually  decreased  with  time  and,  after  about  f ne  hundred 
hours  reaction  time,  became  negligible. 

In  a  further  study  ot  the  catalyzed  reaction  of  nitrocellulose 
with  phenyl  isocyanate,  tetrabutylt in .  tributyltin  chloride,  butyltin 
trichoride  and  1 ,4-diazabicyclo- t2, 2, 21-octane  were  used.  TTie  re¬ 
actions  were  conducted  in  tetrahydrofuran  at  69“(;,  over  a  period  of 
five  hours. 

As  Table  14  shows,  the  products  obtained  differed  little  with 
respect  to  their  substitution  by  the  carbamate  groups.  The  range  of 
the  carbamate  was  found  to  be  from  0.44  to  0.50  and  the  OS  of  the 
nitrate  ranged  from  2.08  to  2.19.  Since  this  reaction,  conducted 
without  any  catalyst,  gave  a  product  containing  0.29  carbamate  and 
2.29  nitrate  groups  per  anhydroglucose,  it  may  be  concluded  that  the 
selected  catalysts  increased  tlie  carbamate  substitution.  The  narrow 
range  of  the  carbamate  substitution  in  the  reactions  with  various 
catalysts  suggested  that  in  each  case  an  equilibrium  was  reached  dur¬ 
ing  the  process  of  reaction  regardless  of  the  type  of  catalyst  used. 
The  effect  of  the  individual  catalysts  upon  the  carbamate  substitution 
in  the  products  may  have  been  more  significant  before  the  reaction 
time  reached  five  hours. 

Analysis  of  the  products  obtained  showed  that  the  use  of  the 
catalysts  was  associated  with  an  increased  degree  of  denitration. 

Among  the  investigated  catalysts,  tetrabutyltin  was  possibly  the 
strongest  base  because  it  caused  the  greatest  degree  of  denitration. 
TTie  total  degree  of  substitution  of  the  combined  nitrate  and  carba¬ 
mate  groups  in  the  catalyzed  reactions  ranged  from  2.52  to  2.b8, 
leaving  about  0.3  unsuhst i tuted  hydroxyl  groups  per  anhydroglucose. 

At  this  stage  of  the  study  it  was  considered  that  perhaps  a 
catalyst  of  a  relatively  high  basic  strength  might,  in  spite  of 
its  denitrating  effect,  produce  high  total  substitution.  T'riethyl- 
amine  was  selected  for  this  purpast.  It  was  found  that  the 


product  of  the  reaction  catalyzed  by  triethylamine  had  the  total  DS 
of  only  2.61.  The  loss  of  the  nitrate  groups  corresponded  to  that 
which  occurred  in  the  presence  of  1 ,4-diazabicyclo- [2, 2, 2] -octane , 
the  catalyst  which  is  known  to  be  of  relatively  low  basic  strength. 

However,  the  yield  of  the  product  obtained  from  the  reaction 
catalyzed  by  triethylamine  was  found  to  be  60  per  cent,  as  compared 
to  about  77  per  cent  yield  observed  when  other  catalysts  were  used, 
rhe  lower  yield  from  the  reaction  catalyzed  by  triethylamine  may  be 
explained  by  the  fact  that  a  relatively  strong  base  causes  consider¬ 
able  depolymerization  of  the  polymeric  cellulosic  chains.  This  may 
have  led  to  the  subsequent  loss  of  the  low  degree  of  polymerization 
fraction  in  the  product  during  isolation  and  purification. 

Effect  of  Temperature  Upon  Reaction 

As  in  the  case  of  p-tolyl  isocyanate,  the  reaction  of  nitro¬ 
cellulose  with  phenyl  isocyanate  was  found  to  be  temperature  depend¬ 
ent.  In  order  to  investigate  this  aspect  of  the  experimental  con¬ 
ditions,  the  solvent,  tetrahydrofuran,  was  replaced  by  1,4-dioxane. 

As  Table  15  shows,  the  increase  of  the  reaction  temperature  from 
70°C  to  100°C,  with  the  remaining  conditions  unchanged,  was  reflected 
in  an  increase  of  tlie  carbamate  substitution  from  0.29  to  0.49  per 
anhydroglucose .  The  reactions  were  conducted  over  a  period  of  five 
hours.  Since  even  at  lOO^C  the  total  substitution  of  the  product 
was  2.61,  (leaving  0.39  hydroxyl  groups  unsubstituted)  it  was  of 
interest  to  conduct  this  reaction  over  an  extended  periof  of  time. 

The  increase  of  the  reaction  time  from  five  to  thirty  hours  resulted 
in  the  formation  of  the  product  with  1.82  nitrate  and  0.59  carbamate 
substitution.  A  higher  phenyl  carbamate  substitution  in  the  product 
did  not  compensate  for  the  loss  of  the  nitrate  groups,  making  the 
total  DS  2.41,  lower  than  the  total  DS  of  the  product  obtained  after 
a  shorter  reaction  time. 

Heat  Stability  of  Cellulose  Nitrate  Phenyl  Carbamate 

Table  16  presents  the  evaluation  of  stability  for  a  representa¬ 
tive  sample  of  cellulose  nitrate  phenyl  carbamate.  The  DS  was  2.10 
nitrate  and  0.54  phenyl  carbamate  groups.  The  compound  had  a  some¬ 
what  higher  heat  stability  at  134. 5°C  than  nitrocellulose  (12.63-0 
nitrogen),  the  starting  material.  However,  the  tested  sample  was 
found  to  generate  4.03  ml  of  gas  at  100°C  in  a  vacuum  (reduced  pres¬ 
sure)  over  a  period  of  forty  hours.  This  figure  compared  unfavor¬ 
ably  to  the  figure  of  .89  ml  of  gas  generated  by  the  nitrocellulose 
under  the  same  conditions.  Therefore,  an  attempt  was  made  to  improve 
the  vacuum  stability  of  tlie  cellulose  nitrate  phenyl  carbamate.  The 


investigated  product  was  heated  in  a  0.01  per  cent  aqueous  sodium  car¬ 
bonate  solution  for  one  hour  at  90°C,  then  filtered  and  washed  with 
water.  This  operation  was  repeated  three  times.  The  applied  stabili¬ 
zation  procedure  was  highly  effective  because  tie  product  evolved  only 
0.81  ml  of  gas  in  the  vacuum  stability  test.  This  amount  was  slightly 
lower  than  the  figure  0.89  ml  which  characterized  the  v:!''uum  stability 
of  the  nitrocellulose,  the  starting  material. 


EXPERIMENTAL  PROCEDURES 


Reagents 

Poudrerie  Nationale  Bergerac,  France,  supplied  nitrocellulose 
(13.88%  nitrogen).  Nitrocellulose  supplied  by  Hercules  Inc,  pyro 
grade,  lot  no.  7314  (12.63%  nitrogen)  came  from  one  single  nitra¬ 
tion  lot.  Phenyl  isocyanate  with  a  boiling  point  of  60-62“C/20  mm 
was  supplied  by  Matheson,  Coleman  and  Bell.  Tetrahydrofuran  was 
Baker  Analyzed  Reagent,  purity:  99.9%,  water:  0.007%. 

Reaction  of  Nitrocellulose  With  Phenyl  Isocyanate 

Nitrocellulose  (12.63%N),  2.73g  (O.OiO  mole)  was  reacted  with 
phenyl  isocyanate,  8.75g  (0.074  mole),  in  20  ml  of  tetrahydrofuran 
at  69°C  for  five  heurs.  After  cooling  to  room  temperature,  the 
mixture  was  combined  with  130  ml  of  acetone  and  the  resulting  solu¬ 
tion  was  stirred  and  poured  into  200  ml  of  cyclohexane.  'Phis  caused 
the  separation  (  f  a  firm  gel.  The  gel  was  isolated,  pressed  to  re¬ 
move  solvent,  aid  then  dissolved  in  200  ml  of  acetone.  The  acetone 
solution  was  then  stirred  and  poured  gradually  into  three  liters  of 
water  and  the  precipitating  fibrous  material  was  separated  from  the 
water,  treated  in  a  Waring  Blendor,  filtered,  washed  with  water,  and 
dried.  The  yield  was  2.32g  (77%).  Tlie  analysis  was  found  to  be 
10.71%  -ONO2  nitrogen  and  12.06%  total  nitrogen  which  corresponded 
to  the  DS  of  2.29  -ONOt  and  0.29  C^Ht^N'tCO  -  groups  per  anhydroglucose . 
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The  infrared  absorption  spectriim  was  in  agreement  with  the  proposed 
structure  of  cellulose  nitrate  phenyl  carbamate. 

Nitrocellulose  (13.88%N),  2.91g  (0.01  mole)  was  reacted  with 
phenyl  isocyanate,  8.75g  (0.074  mole)  in  80  ml  of  tetrahydrofuran 
at  69°C  for  five  hours.  After  cooling  to  room  temperature,  the  mix¬ 
ture  was  combined  with  50  ml  of  acetone  and  the  resulting  solution 


was  stirred  and  poured  into  200  ml  of  cyclohexane  which  caused  sepa¬ 
ration  of  the  firm  gel.  The  gel  was  isolated,  pressed  to  remove 
solvent,  and  then  dissolved  in  200  ml  of  acetone.  The  acetone  solu¬ 
tion  was  poured  gradually  with  stirring  into  three  liters  of  water 
and  the  precipitating  fibrous  material  was  separated  from  water, 
treated  in  a  Waring  Blendor,  filtered,  washed  with  water,  and  dried. 
The  yield  was  2.50g  (86x)-  The  analysis  was  found  to  be  13.431  -ONO2 
nitrogen  and  13.56"u  total  nitrogen  which  corresponded  to  the  DS  of 
2.79  nitrate  and  0.03  phenyl  carbamate  groups  per  anhydroglucose . 

Reaction  of  Nitrocellulose  With  Phenyl  Isocyanate  Under  Anhydrous 
Condi tions 

Tetrahydrofuran,  35  ml  containing  0.007%  water,  was  rendered 
dry  by  azotropic  distillation  with  170  ml  of  n-pentane.  The  system 
was  protected  from  atmospheric  moisture  by  tubes  containing  drierite 
and  by  the  application  of  protective  nitrogen  atmosphere  during  the 
operations.  The  azotropic  mixture  distilled  at  56.0-65.5°C/atm 
until  about  30  ml  of  the  solvent  remained  in  the  distillation  flask. 
Then  2.73g  of  dry  nitrocellulose  and  8  ml  of  phenyl  isocyanate  were 
combined  with  distilled  tetrahydrofuran.  The  resulting  mixture  was 
heated  at  69°C  and  stirred  with  a  magnetic  bar  for  five  hours.  After 
cooling  to  room  temperature,  the  product  was  isolated  and  purified. 
The  yield  was  2.44g  (81%).  The  analysis  was  found  to  be  10,30% 
nitrate  nitrogen  and  11.83%  total  nitrogen.  The  DS  consisted  of 
2.21  nitrate  and  0.33  phenyl  carbamate  groups  per  anhydroglucose. 

Impact  Sensitivity  Test 

The  test  was  done  with  a  Picatinny  Arsenal  apparatus  on  5  mg 
quantities  of  sample  for  each  trial.  Tlie  procedure  is  described 
in  Reference  b. 

Temperature  of  Explosion  Test 

This  procedure  is  described  in  detail  in  Reference  6. 

Heat  Stability  Test 

The  heat  stability  test  was  conducted  at  134. 5°C  following  the 
procedure  de.scribed  in  Reference  b. 
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Determination  of  Nitrogen 


The  nitrate  nitrogen  was  reduced  under  an  inert  atmosphere  with 
ferrous  alum  in  an  acidified  solution  of  butyl  acetate  and  acetic 
acid.  The  resulting  ferric  ion  was  titrated  with  standard  titanous 
chloride.  One  milliequivalent  equals  1/3  millimole  which  equals 
4.669  mg. 

The  Kjeldahl  method  for  nitrate  containing  material  was  used. 
The  sample  was  dissolved  in  a  solution  of  salicylic  acid  in  concen¬ 
trated  sulfuric  acid.  Potnssium  sulfate  was  added  to  elevate  the 
boiling  point.  Mercuric  oxide  was  added  as  a  catalyst.  The  mix¬ 
ture  was  digested,  then  cooled  and  made  alkaline.  The  resulting 
ammonia  was  distilled  into  boric  acid  and  titrated  with  standard 
hydrochloric  acid.  One  milliequivalent  of  nitrogen  equaled  one 
millimole  which  eqiuls  14.008  mg. 


CONCLUSIONS 


Cellulose  nitrate  phenyl  carbamate,  with  a  total  degree  of  sub¬ 
stitution  pS)  from  2.5  to  2.6,  can  be  easily  synthesized  and  effec¬ 
tively  purified.  The  study  of  this  synthesis  showed  the  effects  of 
reaction  conditions  upon  the  denitration  of  nitrocellulose. 

During  the  curing  or  storage  of  solid  propellants  containing 
nitrocellulose  and  diisocyanate  (a  cross-linking  agent),  cracking  of 
the  propellant  grain  occurred  frequently.  This  may  be  caused  by  the 
denitration  of  nitrocellulose  leading  to  the  formation  of  oxides  of 
nitrogen,  which  in  turn  would  create  in  the  grain  nonuni formly  dis¬ 
tributed  voids.  Using  the  findings  of  this  report,  denitration  of 
nitrocellulose  in  the  presence  of  an  isocyanate  can  be  reduced. 
Consequently,  it  may  be  possible  to  prevent  cracking  of  the  propel¬ 
lant  and  perhaps,  to  also  improve  the  uniformity  of  its  combustion. 
To  prevent  formation  of  undesirable  exides  of  nitrogen,  avoidance  of 
high  curing  temperatures,  avoidance  of  introduction  of  basic  ingre¬ 
dients  in  formulation,  and  completion  of  the  cross-linking  process 
before  storage,  is  suggested. 

cellulose  nitrate  phenyl  cartiamate  showed  resistance  to 
ignition,  as  compared  to  nitrocellulose.  Tliis  characteristic  m.ay  be 
of  interest  if  a  safety  aspect  is  important  in  some  applications. 
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RECOM^€NDATION 


An  evaluation  of  cellulose  nitrate  phenyl  carbamate  and  nitro¬ 
cellulose  is  recommended  to  determine  the  possible  advantages  offered 
by  this  compound  over  nitrocellulose,  especially  when  considered  for 
use  in  specific  military  applications  such  as  the  manufacture  of 
caseless  small  caliber  ammunition. 
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Reaction  of  nitrocellulose  DS  2.44 
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Reaction  of  nitrocellulose  with  m-tolyl 
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Effect  of  phenyl  isocyanate  upon  cellulose  nitrate 
phenyl  carbamate  69“C,  5  hrs,  in  tetrahydrofuran 
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Effect  of  water  upon  the  reaction  of  0.01  mole  of  nitrocellulose 
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Effect  of  stannous  octoate  catalyst  upon  the  reaction 


cl 

<N» 

O 

Oi 

O 

to 

iO 

lO 

vO 

in 

Q  O 

• 

• 

• 

• 

• 

1  fN 

CM 

IN 

CN 

IN 

IN 

a> 

<o 

c 

fO 

>* 

u 

o 

in  ^ 
m 
u 

.  c  o 
a; 


o 

in 

r^ 

NO 

<N 

z 

<N 

IN 

m 

m 

o 

1/ 

X 

o 

O 

o 

d 

o 

o 

<N 

f'- 

ro 

o 

IN 

IN 

O 

o 

00 

z 

• 

• 

• 

» 

• 

• 

o 

1 

IN 

IN 

IN 

rj 

IN 

CL  • 

c 

rtJ 
O  S- 
3 
tn  4“ 


(/)  o 

^  i 

fH 

o 

IN 

IN 

IN 

(U  i~ 

o 

o 

to 

to 

00 

U  TJ 

• 

• 

♦ 

• 

• 

• 

X  >, 

o 

IN 

IN 

rH 

rH 

o 

aj  x: 

z 

h! 

f— 4 

f— 4 

<0 

o\« 

JC  i- 
+J  4J 

T) 

•1-  Ol 

C 

5  +J 

3 

O 

IN  fO 

rf 

rf 

o 

o 

<1>  c 

u. 

o 

00 

r-- 

\0 

00 

W  T- 

z 

• 

• 

• 

• 

• 

O 

o 

O 

o 

CTi 

at 

a> 

00 

«« 

3  O 

r—  0 

1 

1  ^ 

»—  CT> 
OJ  lO 
O 
O 

s- 


o 

•  HO), — . 
4-1  e  (H 

IN 

tn 

tn 

vO 

o 

O  •r4  X 

cd  H  ' — 

<U 

oi 

vO 

IN 

rH 

o 


to 


CO  tj 


O  UJ  tu 


28 


Effect  of 


Cd|  K) 

m 

IN 

00 

DS 

21 

.6 

>o 

sO 

sO 

SO 

1/) 

m 

HI  «N 

rsi 

(N 

IN 

CN 

IN 

to 

29 


Table  15 


(0 

o 

o 

in  4-1 

Q  O 

• 

• 

H 

fN| 

OJ 

10 

o 


<—  $- 
at  sz 
u 


O  Lft 

t. 

$- 

•r-  O 


C  (4- 


30 


c 

0) 

tn 


o.  04 

e 

fN 


LO 


CD 

•t-J  IT) 
1X3  . 

E  CM 
<a  1— 


CO 


ai 


<C3 


<u  o 
(/)  <_) 
o  z; 

<—  Sl 
3 

I — 

I—  cn 

(LI  . 

u  o 

I 


a 

E 

O 

H  U 

o 


X) 

U 

^  0) 

X 

ro  (/) 

X) 

0  0 

cd  0 

r— 

♦J  ^ 

»—  3 

c/5 

u 

C  «— 

u 

Oi  Oi 

cd  0 

x:  <j 

>  0 

Q-  0 

rH 

s. 

Ol 

+J  ‘r- 

<t3  C 

L. 

-M  T3 

•p-  C 

u 

C  ro 

00  0 

E 

C  i/) 

•H  .  O 

+j  'ir  o 

(B  rO  M 
X  ^ 

+J  o 

cd 


LO 

m 

(N 


a» 

00 


o 

e 

(j) 


o 

o 

vO 

I 

<N 

CM 


00 

O 


e* 

u 

o 


& 

u 

o 

z 


C\J 

U 

>sO 

0 

-M  Z 

10 

c 

0 

10 

•f  0 

u. 

■ 

•H 

Tf 

CM 

1 

Qi 

s 

1—4 

•1-  0 

to 

-Q  1— 

(0  • 

4-»  CM 

CO 

CO 

0 

u 

0 

cn 

c 

0 

10 

CL 

• 

♦H 

to 

CM 

CO 

s 

^-4 

to 

V*./ 

z 

dso 

CO 


u 

z 


^  -P 

•tJ 

•H  nj 

Z  U 

-  fF 

•-H  Cl 
<1> 
u 


31 


Degree  of  Substitution 
of  Phenyl  Carbamate 
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Fig  1  Degree  of  substitution  of  phenyl  carbamate  vs 
react*;  ^  time  -  no  catalyst 
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Degree  of  Substitution 
of  Phenyl  Carbamate 


Fig  2  Degree  of  substitution  of  phenyl  carbamate  vs 
reaction  time  -  stannous  octoate  catalyst 
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